Abstract. Although the number of dairy farms is decreasing, that of large farms is increasing in Japan. Milk production in Japanese dairy cows has increased from 62 kg/ year to 88 kg/ year over the last 2 decades. However, Japanese dairy cows are experiencing a sustained decline in reproductive performance, calving intervals, and days open; further, the number of inseminations required for conception have increased, and the conception rate has decreased. In order to improve fertility in high milk-producing dairy cows, it is necessary to evaluate their reproductive characteristics. In this study, the postpartum body condition score (BCS) was remarkably low, and the functional recovery of reproduction was consequently delayed. Moreover, the results indicate that the estrus duration varies among individual cows. However, it is possible to improve the conception rate by inseminating cows 8-12 h after the onset of estrus. Reproductive management systems suitable for the current dairy farming system with large herd sizes are required. Key words: Artificial insemination, Body condition score, Conception rate, Dairy cows, Reproduction (J. Reprod. Dev. 56: S61-S65, 2010) lthough milk production per dairy cow has dramatically increased over the last 2 decades, the reproductive performance of dairy cows has declined worldwide [1] [2] [3] [4] [5] [6] . The cause of this low reproductive performance may vary considerably across countries and is probably multifactorial. The factors that contribute to the decrease in the reproductive performance of dairy cows are increase in milk production per cow, concrete flooring, confined housing, and increase in herd size.
first artificial insemination (AI) in dairy cattle in the Hokkaido district. The conception rate in dairy cows was found to decrease from 53.4% in 1989 to 41.2% in 2008; however, although the conception rate in heifer has slightly decreased, it has not changed drastically over the last 2 decades (Fig. 2) .
This trend in the decline in the reproductive performance of dairy cattle in Japan is similar to that in other countries [1, 2, [4] [5] [6] [7] . Although several measures to improve the fertility of dairy cows have been undertaken, they have not been effective.
In order to improve fertility, it is necessary to evaluate the reproductive characteristics of high milk-producing dairy cows. This study has elucidated the possible factors that improve the rate of conception in high milk-producing Holstein cows housed in a barn equipped with an automatic milking system. We studied the effect of body condition score (BCS) on postpartum reproductive performance and the effect of estrus duration and time of AI on the rate of conception. In this study, lactating Holstein cows (milk production: 11,000 kg/305 d) were placed in free-stall housing equipped with an automatic milking system. The milk yield was recorded every month. Cows were visually observed for estrus for 30 min twice daily at 0800 and 1600 h. Further, pedometers (Gyuho, Comtec, Miyazaki, Japan) were attached with bands to the cows' right forelegs, and data were continuously transmitted to a computer. The number of steps taken by estrous cows was greater than or equal to 1.6 times that taken by anestrus cows. Further, the duration of estrus was either greater than or less than 1.6 times the number of steps taken.
The ovaries and uteruses were examined by ultrasonography. The status of the reproductive tract and ovarian structures was monitored using a real-time B-mode ultrasound scanner equipped with a 7.5-MHz transrectal probe (HS-2000; Honda Electronics, Toyohashi, Aichi, Japan). The ultrasonographic examination was initiated on day 10 after parturition and thereafter performed every 5 d until the first postpartum estrus. After the first postpartum estrus, ultrasonographic examination of the ovaries and uterus was performed on days 0, 1, 7, 14, 18, 21, and 23 of the estrus cycle.
After a voluntary waiting period (VWP) of 60 d, estrus cows with a normal reproductive cycle were inseminated. Pregnancy diagnoses were performed 30, 40, 50, and 60 d after AI. BCS of the cows were evaluated into 5 categories, as previously described [8, 9] .
The first postpartum ovulation, first postpartum estrus, days open, and first AI were analyzed by ANOVA. The conception and pregnancy rates were analyzed using the χ 2 test.
Effect of BCS on Postpartum Reproductive Performance in High Milk-producing Holstein Cows
BCS is commonly used as a useful tool in dairy cattle management. Excessive gain or loss of body condition has been recognized as a factor on reproductive performance. A decline in fertility is mainly associated with an increase in milk production and may be partially explained by the negative energy balance observed during the early postpartum period. Therefore, evaluation of the BCS is an easy method for understanding the relationship between nutritional condition and reproductive performance.
The objective of this study is to determine the effect of BCS on the functional recovery of postpartum reproduction in high milkproducing Holstein cows [10] . In this study, 38 lactating cows were used. The average parity was 3. Table 2) .
The average interval between the start of DIM and the first ovulation, recovery of the uterus, first estrus, and first service, and days open in this study are similar to those reported earlier [5, 6] . In general, the interval between the start of DIM and the first ovulation has been reported to be 14-21 d after calving. However, Lucy [2] has described that the average interval from the start of DIM to the first ovulation in modern dairy cows may be longer by approximately 10 d. Fig. 3 ). The time of AI did not differ significantly between the first postpartum ovulation days. The average interval between the start of DIM and the first ovulation was 34.2 d; however, this value showed a wide range, i.e., 12-125 d. Lucy [2] has reported that the extended interval between the start of DIM and the first ovulation in modern dairy cattle may be caused by a subpopulation of cows with extremely long intervals between the start of DIM and the first ovulation.
The negative energy balance during the early postpartum period may affect the extended interval to the first ovulation [1] . In this study, cows that showed a small decrease in their postpartum BCS exhibited early first ovulation and improved postpartum reproductive performance thereafter. On the other hand, cows that exhibited delayed first ovulation postpartum (≥43 d, DIM) showed longer intervals between the start of DIM and the first estrus (P<0.01). Because the volume of milk obtained from cows that showed delayed ovulation was significantly higher than that obtained from cows with early ovulation, it was thought that a decrease in the BCS was associated with greater milk production. It is indicated that the decrease in BCS postpartum influenced the functional recovery of postpartum reproduction; thus, prolongation of days open is attributed to the delayed first ovulation.
Effect of Estrus Duration and Time of AI on the Rate of Conception in High Milk-producing Holstein Cows
The conception rate in dairy cows has decreased worldwide.
Many factors may affect the conception rate in high milk-producing dairy cows. For example, negative energy balance during early postpartum inhibits the growth and development of the ovarian follicles and corpus luteum (CL) [2, 7, 11] . The time of AI is also important for achieving a high conception rate in dairy cows. Therefore, accurate estrus detection is essential for determining the accurate time of AI. However, currently, estrus detection in current dairy cows is difficult because they tend to exhibit poor estrus behavior. Many factors affect estrus behavior, such as concrete flooring, confined housing, and large herd size. One of the effective solutions for the current problem of estrus detection is the use of devices for the automated detection of estrus, such as pedometers or electronic mount detectors. The objective of this study is to determine the effect of estrus duration and time of AI on the rate of conception in high milk-producing Holstein cows [10] . In this study, 95 lactating cows were used. The mean follicular size on the day of AI and the mean size of the CL on the seventh day after AI were 2.0 cm and 2.8 cm, respectively ( Table 4 ). The follicular size and the size of the CL had no effect on the conception rate. Lucy [2] has reported that the CL in high milk-producing dairy cows may be smaller than the average size. Although we did not weigh the CL, we did not find the CL in high milk-producing dairy cows to be smaller. Further, there were no pregnant cows with a remarkably small or large follicle or CL. These results indicate that a remarkably small or large follicle or CL may cause infertility. Additional experiments are required to investigate CL development and function in high milkproducing dairy cows.
A number of recent studies reported that the duration of estrus in dairy cows is 7-14 h [12] [13] [14] [15] . In this study, the average estrus duration was 11.9 h. The results of this study were consistent with those of the abovementioned studies. Drnsfield et al. [13] reported that 24.1% of cows had a low estrus intensity and a short cycle.
Estrus duration did not have significant effects on the conception rate. Further, the duration of estrus in this study also varied among the cows. Drnsfield et al. [13] also reported that the intensity or duration of estrus did not affect conception rates. In this study, when cows were inseminated 8-12 h after the onset of the estrus, the conception rate was higher than that of cows inseminated at other times (P<0.05). Maatje et al. [16] reported that the chance of conception was the highest between 6 and 17 h after increased pedometer activity; the estimated optimum was at 11.8 h. Our results were similar to the results of their study because the average AI time after the onset of estrus in pregnant cows was 12.0 h.
In conclusion, these results suggest that in the cows studied here, the postpartum BCS was remarkably low and that the functional recovery of reproduction was consequently delayed. Moreover, the results indicate that the estrus duration varied among individual cows. However, it is possible to improve the conception rate by inseminating cows 8-12 h after the onset of estrus. Additionally, these results clearly indicate that frequent observation of estrus over a longer period is required for accurate estrus detection for the management of high milk-producing dairy cows. In order to improve the fertility of these cows, new reproductive management systems suitable for the current dairy farming system with large herd sizes are required. 
